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Approval does ﬂot signify that the contents necessarily reflect the views and
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FOREWORD

The Environmental Protection Agency was created because of increasing
public and government concern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled
land are tragic testimony to the deterioration of our natural environment.
The complexity of that environment and the interplay between its components

require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem solution
and it involves defining the problem, measuring its impact, and searching for
solutions. The Municipal Envirommental Research Laboratory develops new and
improved technology and systems for the prevention, treatment, and management
of wastewater and solid and hazardous waste pollutant discharges from municipal
and community sources, for the preservation and treatment of public drinking
water supplies, and to minimize the adverse economic, social, health, and
aesthetic effects of pollution. This publication is one of the products of
that research; a most vital communications link between the researcher and the.

user community.

Recent documentation of biological treatment plant performance has shown
that a combination of design, operation, maintenance, and administrativé factor
adversely affect plant performance. An approach, called a Composite Correction
. Program (CCP), was developed to address all factors limiting performance at
individual facilities. This report documents the CCP that was implemented at
the Havre, Montana Wastewater Treatment Plant and describes the resulting

improvement in performance at that facility.

Francis T. Mayo, Director
Municipal Environmental Research

Laboratory

.
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ABSTRACT

Recent documentation of the per:i.rmance of publicly owned wastewater
treatment facilities has indicated trat a significant percentage of facilities
are not meeting design and/or permit ' :juent quality requirements. As a
result, a research activity was implervnted to identify, quantify and rank
the factors limiting plant performanc.. Comprehensive evaluations at thirty
treatment plants were used to determine factors limiting performance in the
areas of administration, maintenance, design and operation. In addition to
the evaluation of performance limiting factors, a method (Composite Correc-
tion Programs) of improving plant effluent quality was developed during the
research effort. This report describes the method which was implemented at
one facility, describes the resulting improvement in performance for that
facility and projects the impact on performance if similar programs were

completed at all thirty facilities evaluated.

A Composite Correction Program {(CCP) is designed to address all factors
which limit performance at a particular facility. During this research pro-
ject a CCP was implemented at the Havre, Montana Wastewater Treatment Plant.
The general approach used was to improve the process control decision making
capability of the plant superintendent and to eliminate administrative, minor
design, maintenance and operations factors which were preventing optimum per-
formance. Effluent quality at Havre for 6 months prior to the CCP averaged
31 mg/l for BOD; and 30 mg/1l for TSS. Both BOD and TSS concentrations aver-
aged less than 10 mg/l for the 8-month period following initiation of the CCP
and development of desired activated sludge characteristics. Between these

two time periods plant BOD. loading increased by 27 percent, yet BOD_ dis-
5 g 5

charged to the receiving stream decreased by 68 percent.
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The major conclusion documented during the Havre CCP was that this
type of program must be implemented over an extended period because of the
inherent long time required to efrfect biological process response. At Havre
three months were required to achieve good activated sludge characteristics.
Continued involvement for a longer time (over one year) was required to
transfer to the plant superintendent the capability to maintain good process
control. Continued involvement included telephone, written and person to

person on-site consultation.

An analysis of the potential improvement in plant performance that
could be achieved if CCP's were implemented at all thirty facilities evaluated
was developed. Significantly improved performance was projected at twenty-one
of the thirty facilities. If these projections were realized, the mass of
BOD5 discharged to the receiving streams would be reduced by 490 metric
tons/year (540 tons/year) and the mass of TSS discharged would be reduced by
470 metric toms/year (515 tons/year). In addition, sixteen of twenty-three
facilities that were found to be violating minimum secondary treatment stan-—
dards could meet standards without major plant modifications that would re-
quire significant design and construction costs. Implementing CCP's is the
more cost effective approach to achieving desired treatment objectives at
most existing facilities, whether or not major facility design or construc-

tion changes are required.

This report was submitted in partial fulfillment of Contract No. 68-03-
2224 by M & I, Inc., Consulting Fngineers, Fort Collins, Colorado, under the
sponsorship of the Environmental Protection Agency. Work described in this

report was accomplished during the period from June, 1975 to December, 1977.



CONTENTS

Disclaimer . ¢ ¢« v ¢« & v o 4 o o 4 e e v e e e e e e e e e e e e e e ii
Foreword . . . ¢ 4 0 ¢ttt i e v e s e e e s e e e e e e e e e e e e iii
ABSETACE & &+ ¢ v v s e s ke s e e e s e e e e e e e s e e e e e e e iv
FIGUTES . & ¢ v 4 o v 4 s s s o s o o o v s o s e e e e e e e .. vidid
Tables . &« & v ¢ i i e s e e e e e a e e e e e e e e e e e e e e e e ix

Acknowledgement. . . . . . v ¢ v 4 et b b e e e e e e e e e e e e e . x

1. Introduction . v ¢ v v v e v v e e e e e e e e e e e e e
2., ComclusionsS v v v v v v e ke e e s e e e e e e e e e e e e e
3. Recommendations . « ¢ v ¢ ¢ v ¢ 4 s e v e s e e e e e e e

4. Havre Composite Correction Program . . . . . « « v v &« o« « .

- 00~ B

Plant Performance . . . . ¢ & ¢« « v ¢ 4 v e e e e 0w e 1
Program Description. « « « + « s ¢ v v 4 v v v e e v s e 15
Phase L. . . &« & ¢ v v v 0 v et e e e e e e e e e e . 20
Phase II . . . . v v o ¢ v v 0 v v v e o s e e e e e 22
Phase IIT . ¢« ¢ v & v v 4 o v v v 4t o 4 o v o 0 o o 23
Phase IV . . & & & v v 4 b v o vt e e e e e e e e . 26
Discussion . . . . . . ¢ v ¢t 4ttt e e e e e e e e 27
5. Projected Improvement Through Composite Correction Programs . 31
Reduced Pollutants in Plant Effluent . . . . . . . . . . . 32
Additional Facilities Able to Meet Secondary Standards . . 46
Advantage of a Composite Correction Program . . . . . . . 47

References . . . ¢ ¢ & v v v v i e e e e e e e e e e e e e e e e e 51

vii



Number

FIGURES

Plant flow schematic for Havre, Montana .

Chlorinated effluent BOD5 and TSS concentrations at

Havre, Montana. . . .

. -

.

East unit settled sludge concentrations (SSC) at

Havre, Montana. . . . .

»

West unit settled sludge concentrations (SSC) at

Final clarifier modification at Havre, Montana to

Havre, Montana. . . . .

stop short-circuiting .

. - .

. . . .

.

.

. -

Relative time involved for CCP activities .

viii

.

14

17

18

24

49



Number

1
i

TABLES

Summary of Performance Data for t-+ Havre, Montana
Wastewater Treatment Plant . . . . . « « ¢« ¢ & o « =+ .

Plants for Which an Improvement :: Ferformance Did Occur .

Plants for Which an Improvement

[N

rerformance Could Occur

Plants for Which an Improvement in Performance Is Doubtful .

Summary of Projected Improvement Using CCP's . . . . . . .

Existing and Potential Performance for Suspended Growth
and Fixed Film Facilities Surveyed . . . . . . . « .« . .

Performance of Thirty Plants Surveyed Versus Minimum
Secondary Treatment Standards. . . .« . « « « « & « « .« .

ix

12

33

35

39

43

44

46



ACKNOWLEDGEMENT

The project was conducted by M & I, Inc., Consulting Engineers. The

authors were aided by the following personnel:

Wayne C. Irelan, President
Gerald J. Ott, Engineer

Susan R. Martin, Lab Technician

Appreciation is expressed to all managers, operators and Jther person-
nel of the various wastewater treatment facilities who participated in the re-
search effort. Appreciation is also expressed to all state and EPA regulatory
agency personnel who developed the various lists of facilities as research
candidates, and who actively participated in various phases of the research
program. Appreciation is specifically expressed to Mr. Bruce Carlsom, Super—
intendent, City of Havre, Montana Wastewater Treatment Facility for his assist-
ance in completing the Composite Correction Program accomplished as part of

this research effort.
The direction provided and assistance given by Mr. John Smith, Mr. Ben

Lykins and Mr. John Sheehy, of the Environmental Protection Agency, Office of

Research and Developmer.t, Cincinnati, Ohio, are greatly appreciated.



SECTION I

INTRODUCTION

The "Federal Water Pollution Control Act Amendments of 1972" established
goals for the quality of the nation's surface waters and programs to achieve
these goals. A significant aspect of the Act was the expansion of the federal
grant assistance program for the construction of new and the upgrading of
existing wastewater treatment facilities. However, the U.S. Environmental
Protection Agency's annual reports to Congress (1) have indicated that a sig-
nificant number of facilities constructed with federal assistance were not
meeting design standards and/or National Pollutant Discharge Elimination Sys-—
tem effluent requirements. Additional reports and articles (2, 3, 4, 5) have
addressed the need for improved operation and maintenance (0 & M) of municipal
wastewater treatment plants. These documents have pointed to the area of
0 & M as the leading cause of poor plant performance. However, improper or
inadequate O & M has become a phrase that has been adopted to describe a broad
range of performance limitiﬁg factors. Staffing requirements, operator sal-
aries, design deficiencies, management techniques, industrial wastes, poor
maintenance dnd inadequate budget are but a few of the items that are commcnly

described as 0 & M problems.

In an effort to define the broad area commonly described as poor O & M,
a research study was funded by the EPA Office of Research and Development to
identify, quantify and rank the factors causing poor wastewater treatment
plant performance. Two 24-month contracts were awarded simultaneously to
private engineering consultants to conduct the research effort, one in the
Eastern United States and one in the Western United States. This report doc-
uments a portion of the findings of the research effort by the western con-

tractor. A second report titled, "Evaluation of Operation and Maintenance
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Factors Limiting Municipal Wastewater Treatment Plant Performance,” describes

the overail findings of the western contractor's research effort. (6)

During the research study a special research approach was developed to
identify the causes of poor performance. This approach was used during thirty
3 to 7-day comprehensive evaluations. One of the major conclusions of the
study was that a number of varied factors limited each plant's performance.
Many of these factors were obvious and were being addressed by various pro-
grams implemented by the cities, state regulatory agencies and EPA. However,
many of the performance limiting factors were not obvious and were not being

addressed by these programs.

Analysis of the complex interrelationship of varied performance limiting
factors and varied programs designed to address these factors led to the de-

velopment of a Unified Concept for Achieving Optimum Plant Performance. The

concept included performance limiting factors in administration, maintenance,
operation and design, and described how each factor could be individually
eliminated, partially eliminated or left un-addressed by existing programs
associated with public wastewater treatment. The concept also related opti-
mum performance to the many performance limiting factors associated with each
plant. The elimination of only a portion of the factors limiting performance

will not result in the desired improved effluent quality at a particular plant.

An approach for improving plant performance was developed in conjunction

with the Unified Concept. This approach was called a Composite Correction

Program (CCP). A CCP is based on optimizing the performance of an existing
facility by eliminating obstructing factors in administration, design, opera-
tion and maintenance. A major difference between the CCP and many existing
programs is that a CCP concentrates on eliminating all factors contributing to
poor plant performance at an individual plant, whereas existing programs typi-
cally concentrate on specific areas of need representing common problems at a

large number of treatment facilities.

At each of the thirty facilities which were the subject of a comprehen-

sive evaluation in the research study, a varying degree of operational

(2]



assistance was provided. The assistance was usually limited to improving pro-
cess control. Assistance in other areas like administratiom, maintenance,
design and long-term process control was usually not provided due to time and
budget restrictions. However, at the Havre, Montana Wastewater Treatment
Piant extensive follow-up assistance was provided throughout a full year to
demonstrate the conduct of a CCP. This repert describes the Havre CCP and
documents the improved performance which resulted. Additionally, the poten-
tial improvement in performance was estimated for the other twenty-nine plants

evaluated assuming similar CCP's were implemented at these facilities.
g



SECTION 2

CONCI.USTONS
1. A Composite Correction Program co:. . ted at the Havre, Montana Wastewater
Treatment Facility significantly impr. plant effluent qualitvy.

A. Violations of permit standarc- were eliminated.

B. Plant effluent BOD5 and TSS ccnacentrations were reduced from 31

mg/l to 10 mg/l and 30 mg/l to 9 mg/l, respectively.

2. An increase in plant personnel by one operator and an increase in plant
coverage to 24-hour per day operation successfully reduced the detrimental im-
pact of the following plant features that hindered plant operation and perform-
ance: insufficient digester volume, digester foaming problems, variable air-
1ift return pumping rates, return plugging problems and a relatively short

aeration basin detention time.

3. Detailed process evaluation during the Havre Composite Correction Program

enabled a clarifier short~circuiting problem to be identified and corrected.

¢

4, The Havre Composite Correction Program was successful because of a long

time involvement with plant personnel.

A. Twelve weeks were nedessary to achieve desired changes in activated

sludge characteristics.

B. One year was required tc transfer to the plant superintendent the

ability to make timely and accurate process control adjustments.

4



5. Composite Correction Programs without major facility comstruction com-—

pleted at the thirty evaluated facilities would improve plant effluent quality

significantly.

A. Sixteen of twenty-three facilities would meet federally defined sec-
ondary treatment standards now violated. The other seven facilities
would require a major facility modification to meet secondary treat-

ment standards comnsistently.

B. The masses of BOD5 and TSS discharged would be reduced by an esti-
mated 490 metric tons per vyear (540 tons/year) and 470 metric tons

per year (515 tons/year), respectively.

C. The masses of BOD5 and TSS discharged would be reduced by an esti-

mated 38 percent and 37 percent, respectively.

6. Significant differences in the performance potential for suspended growth

and fixed film type facilities were noted.

A. Poor performance exhibited at fixed film facilities could not be im-
proved significantly with a Composite Correction Program unless major
facility modifications were also completed. A more conservative de-

sign is necessary for fixed film facilities.

B. Poor performance exhibited at suspended growth facilities could be
improved through Composite Correction Programs without major facili-
ty modificatic.s. Better operation is necessary for suspended growth

facilities.

7. Plant underloading did not promote good plant performance. Hydraulic
loading averaged only 61 percent of design, yet 23 of 30 plants did not meet

secondary treatment standards.



8. Plant expansion through construction is not a satisfactory alternative
to improving plant performance unless it is part of a Composite Correction

Program.



SECTION 3

RECOMMENDATIONS

1. TImplement Composite Correction Progrars on a broad scale.

2. Modify existing operations assistance zpproaches to include the time as—

sociated with stabilizing a biological svstem.

3. Modify existing training to enable operations personnel to properly apply

concepts of wastewater treatment to process control.

4. Require a more conservative design approach for fixed film wastewater

treatment facilities.



SECTION 4

HAVRE COMPOSITE CORRECTION PROGRAM

The Bavre, Montana Wastewater Treatment Facility, an activated sludge
plant, was designed to treat an average sewage flow of 6800 cu m/day (1.8 mgd).
The plant staff consisted of a superintendent, maintenance manager and two
operators. The plant was operated sixteen hours per day, seven days per week.
Between 1972 and 1975 the original primarv treatment plant was expanded to
secondary treatment. Present treatment facilities consist of grit removal,
flow measurement, two aeration basins, two final clarifiers, chlorination,
two aerobic digesters and a sludge lagoon. By design, the Havre facility
is composed of two independent, parallel activated sludge systems. TFor this
report one is called the "east unit'" and the other the "west unit.” The plant

flow schematic diagram is shown in Figure 1.

The Havre CCP was completed using a four-man research team of engineers.
Two senior engineers had considerable experience in plant process control,
administration, maintenance and design. The initial in-plant activities for
the CCP wére completed in conjunction with a comprehensive research evaluation
conducted by three team members from July 19, 1976 through July 26, 1976. (6)
At the same time, these team members completed field work for another com-
prehensive evaluation at a smaller facility located in the Havre area. A
follow-up half-day visit to Havre was made by two team members on August 12,
1976. Long-term telephone consultation was provided by cne senior engineer,

" but reflected the opinions and suggestions of the entire research team,

Prior to the Havre CCP, the approach to process control had been to

maintain the mixed liquor suspended solids (MLSS) concentration at about



RAW SEWAGE

GRIT
CHAMBER

WASTE SLUDGE -1

t X |
I /N
L — g
’ | AEROBIC
| DIGESTERS
EAST AERATION AERATION WEST
UNIT BASIN BASIN UNIT I \ y,
\

FINAL
CLARIFIER

FINAL
CLARIFIER

SLUDGE
LAGOON

CHLORINE

CONTACT .
BASIN \ WASTEWATER

DISCHARGE TO
MILK RIVER \\{

Figure 1. Plant Flow Schematic for Havre, Montana.



1,000 mg/1 and to maintain the return sludge flow rate at a low, relatively
constant setting (daily average sludge return rate was only 8 percent of the
daily average sewage flow rate). A MLSS concentration analysis was conducted
about three times per week. Based on these results, the volume of sludge

wasted was adjusted.

During the initial in-plant activities, it appeared that effluent quality
could be improved significantly by changing the approach used for process
control, A more comprehensive testing program was initiated, including a
centrifuge test on the mixed liquor, return sludge and waste sludge to deter-
mine concentrations; a settling test on the mixed liquor to determine settling
characteristics; a depth of sludge blanket test to measure the level of the
solids-liquid interface in the final clarifiers; and a dissolved oxygen test
to determine the aeratiocn basin dissolved oxygen concentrations (7; 8). Var-
ious daily calculations were initiated to monitor the mass of activated sludge
in the system, mass wasted and mixed liquor settling characteristics. The
values of selected test results were plotted so trends in system response
could be observed. These trends were used to determine when to make process

control adjustments.

Based on test results, dramatic process control adjustments were made
in an effort to improve performance. . Initially, process control decisions
were made primarily by the research team. The rationale for these decisions
was always discussed with the plant superintendent. As time progressed
(3 to 4 ﬁonths) the plant superintendent became more comfortable with test
data interpretation and gradually assumed more and more of the day-to-day pro-
cess control decisions. At that time the role of the research team was di-
rected more toward providing conceptual guidance concerning the development
of stable biological characteristics. Through this training approach the
plant superintendent deveioped the capability to properly apply concepts of

wastewater treatment to the 6peration of his facility.
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PLANT PERFORMANCE

Performance of the Havre Wastewater Treatment Plant was moniteored by
plant personnel twice per week in accordance with the City's NPDES permit re-
quirement. Total suspended solids (TSS) and 5-day Biochemical Oxygen Demand
(BODS) analyses were conducted on the raw sewage influent. BODS, TSS and
fecal coliform analyses were conducted on the chlorine contact basin effiuent.
All analyses were conducted on 8-hour composited samples except for fecal
coliform, which was conducted on a grab sample. Monthly averages for these
tests from January, 1976 through June, 1977 are shown in Table 1. The data
presented is separated into three time periods. Period 1 is titled "Prior to
Operations Assistance" and represents performance before the CCP was initiated.
Period 2 is titled "Initial Operations Assistance" and represents performance
after the CCP was initiated, but before clarifier inlet baffles were modified.
Period 3 is titled "Final Operations Assistance' and represents performance
after clarifier modifications were completed and better process control was

achieved.

For the 6-month time frame of Period 1 the average plant effluent BOD5
and TSS concentrations were 31 mg/l and 30 mg/l, respectively. During three

of the six months, the BOD. and/or TSS permit standards of 30 mg/l were vio-

5
lated. Poor plant performance during Period 1 was attributed to an improper

approach to process control and to sludge handling problems.

During Period 2 process control was being improved, but modifications to
the final clarifiers were not yet made. For the 4-month time frame of Period
2, some improvement in plant effluent BOD5 and TSS concentration was achieved.

The plant effluent average BOD. concentration was reduced from 31 mg/l to

5
24 mg/l. Similarly, the plant effluent average TSS concentration was reduced

from 30 mg/l to 23 mg/l.

During the 8-month time frame of Period 3, a significant improvement in
plant effluent quality occurred even though the plant influent wastewater

strength increased. Better plant effluent quality was primarily attributed

to modifications to the final clarifiers and better process control. From

11
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Pericd 1 to Period 3 the raw sewage BOD5 concentration increased 27 percent
(i.e., 276 mg/l to 351 mg/l), yet plant effluent BOD5 concentration decreased
69 percent (i.e., 31 mg/l to 9.7 mg/l). The improvement in plant effluent
quality represents a reduction in mass of BOD5 discharged to the stream of
104 kg/day (229 1b/day). Similarly, the mass of TSS discharged was reduced

by 102 kg/day (225 1b/day).

As a result of the CCP, an improvement in disinfection performance also
occurred. The geometric mean fecal coliform count decreased from 127 per 100
ml during Period 1 to 31 per 100 ml during Period 3. Other benefits were
lower chlorine dosage requirements and lcss chlorine contact basin mainte-
nance. The chlorine dosage was reduced to maintain a chlorine residual less
than the maximum allowable concentration cf 0.5 mg/l. In fact, a smaller
rotometer had to be installed on the chlorimator to obtain the required lower
dosages. The chlorine cost saving was an estimated 40 percent, or $700 per
year. Less chlorine basin maintenance was required because less basin clean-
ing was necessary. Prior to Period 3 the effluent TSS concentration was de-
creased by 30 percent through settling within the chlorine comtact basin.
Solids removal in the contact basin allowed permit viclations to be less fla-
grant, but required repeated basin cleaning. During Period 3 these solids
were captured in the final clarifiers, and the time previously spent cleaning
the chlorine contact basin was used for additional process testing, preventive

maintenance and general housekeeping activities.

The improvément in plant performance at Havre is illustrated in Figure 2,
where 7-point moving averages of chlorine contact basin effluent BOD5 and TSS
concentrations are show.. The 7-point moving averages were used to smooth

the variability in individual data points so trends in performance could be
readily observed. As shown in Figure 2, plant effluent BOD5 and TSS concen-
trations decreased over the 18-month period from January, 1976 to June, 1977,
and were at or near 10 mg/l during the last 7 months. It should be noted that
the graph in Figure 2 is separated into operational phases rather than the
performance periods described earlier. Each of the four phases shown repre-~
sents a different operational objective that was established during the CCP.

Each phase is discussed later in this report.

13
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Other benefits of improved effluent quality were operator pride in good
performance and city pride in a good operating facility. These benefits could
not be tangibly measured, but nevertheless existed. In addition, the plant
was a training facility for local college students studying Water and Waste-
water Tresatment Technology. Students frequently visited the plant for on-the-
job instruction. Observing a well performing, full-scale plant accentuated

their on-éite training.
PROGRAM DESCRIPTION

The first step in implementing the CCP at Havre was to establish a sam-
pling and testing program to monitor process control parameters. Based on
these results, control adjustments were made. Many factors contributed to the
specific operations decisions made. Most important among these were aeration
basin size, clarifier size, wastewater strength, sludge wasting Eapability
and return sludge flow controllability. The aeration basin sewage detention
time averaged 6.7 hours. The clarifier surface settling rate averaged 13.6
cu m/day/m2 (330 gal/day/ftz). The Havre clarifiers had a surface area which
was well developed with overflow weirs and effluent launders. Return acti-
vated sludge was withdrawn from each of the clarifiers through a center hopper.
The return sludge flow rate was adjusted and was measured, but varied with
changes in return sludge density. The wastewater strength, as measured by
TSS and BOD5, was relatively high. Controlled, incremental wasting was
completed every hour of the day by adjusting time clock settings. Waste
activatedﬁsludge was directed to two aerobic digesters (total capacity 1000
cu m (270,000 gallons)) then to a digested sludge holding lagoon with an
approximate volume of 30,000 cu m (7.9 million gallons). This combination
of sludge handling facilities was sufficient so that plant operation was not
limited by inadequate sludge wasting capacity during the CCP. However, it
should be noted that at the required wasting rate the sludge lagoons were
projected to be filled about t@ice as fast as was projected in the plant de-
sign.

Settled activated sludge in the clarifiers was returned to the aersztzon

basins with air-1ift pumps. A problem existed with rsturn sludge “low centrol
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in that once set, the flow rate did not stay constant. Moderate changes in
the return sludge density caused significant changes in the return sludge
flow rate. A change in density occurred when the clarifier scraper blade
pushed sludge into the center hopper. A variable return sludge flow rate oc~
curred frequently during those portions of the project when rapid sludge set-
tling conditions existed. A slower, yet adequately settling sludge helped

alleviate this problem to a degree.

Separate waste activated sludge pumps for each activated sludge unit
pumped waste sludge from the return activated sludge line to the aerobic
digesters., FEach waste sludge pump was operated through a separate time clock.
Activated sludge wasting was automaticallv completed every hour. The amount
wasted was adjusted by changing the time clock settings. The operators meas-
ured the waste sludge concentration evefy 4 hours which, combined with the
waste sludge volume information, resulted in good documentation and control

over the mass of sludge wasted.

Sludgé was wasted to one of two aerobic digesters. Aercobic digester vol-
ume was not sufficient for complete digestion (hydraulic detent;on time of 8
days), but during the survey nearly unlimited ultimate sludge disposal capa-
bility allowed the desired quantities of sludge to Be wasted from the acti-
vated sludge process. Partially digassted sludge (specific oxygen uptake rate
of 6 mg Ozlgm VSS/hr where 1 mg Oz/gm VSS/hr is considered digested) (9) was
pumped to a sludge holding lagoon away from the city. The lagoon had storage
capacity for several years' sludge accummulation. The lagoon location in
relation to prevailing winds was favorable and no odor complaints were re-

ceived concerning the lagoon.

At Havre, the'key to good performance was maintaining activated sludge
settling characteristics which were most desirable for the plant design and
loading conditions. It was important to conduct settling tests that appro-
priately depicted the sludge settling characteristics. A one-hour settling
test using a Mallory settleometer was initiated to fulfill this need (7, 8).
The results of this settling test are graphically illustrated in Figures 3 and

4 for the east and west activated sludge units, respectively. These graphs
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show trends in settling characteristics in terms of ATC, SSC5 and 88060

where:

ATC = Aeration Tank Concentration in percent by volume using a centri-

fuge. 8505 and SSC60

using the initial measured concentration (ATC) and the volume of sludge

are the Settled Sludge Concentrations calculated

in the settleometer after the indicated time (t) of settling (SSVt).

The equation for this calculation is:

_ ATC (1000)
ssC, = SSV_

In Figures 3 and 4, poor activated -ludge characteristics of slow set-
tling are indicated by a low wvalue for b.otn SSC5 and SSC6O. Poor characteris-

tics of too rapid settling are indicated by high SSC_ and SSC60 values. De-

5
sired characteristics .of uniform settling are indicated by a low value for

SSC. and a high value for SSC

5 60°

The SSC concentrations were used in lieu of the more conventional sludge
volume index (SVI) because SSC values more completely described the sludge
settling characteristics. The two SSC values depicted the settling pattern
throughout a one-hour time period, rather than at the single 30-minute time

period as with the 3VI test. TFor example, high SSC6 values indicated that

0

the sludge had the ability to settie and concentrate. The added SSC5 value

indicated rapid or slow initial settling. Rapid initial settling was typi-
cally accompanied by a cloudy effluent that had a relatively high BOD5 con-

centration. A low value of SSC5 in association with a higher'SSC60 value was

accompanied by a clear effluent as well as with a concentrated settled sludge.
The settling graphs in Figures 3 and 4 are separated into the four opera-

tional phases also shown in Figure 2, which was discussed earlier. Each of

the four phases represents a different operational objective or event.
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Phase 1

Phase I occurred for nine weeks beginning with the start of the CCP.
Initially, the activated sludge in both the east and west units settled very
fast (high SSC5 and SSC60 values) and left a cloudy supernatant. A relatively
cloudy final clarifier effluent existed, and the plant effluent BOD5 concen-
tration was higher than the associated TSS concentration, as shown in Figure
2, The ATC values were relatively low at about 2.5 percent by volume, and a
large portion of the total system activated sludge mass was retained in the
clérifiers because of an extremely low return versus wastewater flow percent-
age (8 percent). During Phase I significant chaﬁges in plant operation were
made. The first operational objective was to improve the BOD. and TSS removal

5
capability of the activated sludge.

After the initial process control test results were obtained, the return
versus wastewater flow percentage was increased from 8 percent to between 40
and 50 percent. Fowever, very poor control over the return sludge flow rate
existed. The return sludge flow rate that was set varied considerably due to
Plugging problems, and sometimes the return sludge flow stopped altogether
when left unattended. The need for better return sludge flow control was a
routine topic of discussion between the plant superintendent and the research
team. It appeared that a design modification was required to eliminate the
return sludge plugging problem. However, it was also determined that expanded
operator attention could replace the need for an immediate design modification
to the return sludge facilities. In addition, aerobic digester foaming prob-
lems also required expanded operator attention. Based on these needs, the
superintendent successfully presented a request to the city council for ap-
proval to hire one additional operator and to expand from 16 hour, seven
day-per-week operation to 24 hour-per—day operation for five days and 16 hour-
per—day operation for two days of the week. This administrative decision
eliminated the immediate need for the return sludge design modification and

substantially aided in overall plant operationm.

Other process control changes were made at the same time the return

versus wastewater flow percentage was increased. The mass of activated sludge
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in both the east and west units was increased to improve its BOD_ and TSS

5
removal capability. An indication of the relative increase in activated
sludge mass is shown in Figures 3 and 4 in terms of the ATC values. The ATC's
were increased and maintained, through wasting, at an initially selected

level of 3.7 percent by volume for the east unit and 4.2 percent by volume for
the west unit. In both units the activated sludge character began to change.
Both the SSC5 and SSC60 values pegan to decrease, indicating slower overall
settling, and the supernatant in the settleometer began to become less turbid.
The final clarifier effluent clarity improved and the plant effluent BOD5
concentration began to decrease (See Figure 2 at the start of Phase I). How-
ever, the activated sludge began to rise in the settleometer prior to the
conclusion of the 60-minute settling tests. At the same time, a heavy scum
layer developed on the surface of both final clarifiers and an increase oc-
curred in the amount of activated sludge solids lost in the clarifiers' efflu-

ent. Figure 2 shows increased TSS and BOD. concentrations in the plant ef-

fluent toward the end of Phase I. It is iiportant to note that nine weeks had
elapsed since the CCP had been initiated and plant effluent quality had not
vet stabilized at an improved level. In fact, plant effluent quality was de-
teriorating. ‘The plant operators were discouraged, but continued to stay
with the project because, according to the plant superintendent, "We believed

in the basic concepts and felt that, logically, it should work.”

Process response at the conclusion of Phase I was confusing in that,
based on the control test data, rising sludge should not have occurred and
excessiver solids should not have been lost over the clarifier weirs. The
SSC60 value was only about 7 percent, and based on experience much higher
SSC60 values had been associated with rising sludge conditions. Also, the
total mass of sludge in each activated sludge unit was too low to expect
rising sludge characteristics. Typically, rising sludge characteristics had
been observed at other facilities when a relatively high and "older" mass of
sludge existed. During a typical CCP a plant visit would have been conducted
to "tie~in" control test data with on-site observations. Budget constraints

prohibited this option.
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Phase 11

Phase II occurred for five weeks and incorporated a short-range opera-
tion's objective to eliminate the rising sludge condition and associated scum
prcblems. A decision was made to decrease the mass of activated sludge in
both systems through increased wasting, and thereby lower the "age'" of the
sludge. This decision was made even though it was known that the existing,
relétively low quantity of activated sludge in the system and slower sludge
settling characteristics did not indicate an "o0ld" sludge condition could be
causing the problems., Subsequently, two events occurred with respect to the
activated sludge character. The sludge settling rate was further decreased
and the sludge rising condition was elirinated. Slower overall settling was

documented through the SSC,_ . values, which decreased from about 7 percent to

60
about 3 percent in both the east and w.st units.

It was anticipated that a reduced svstem activated sludge inventory would
decrease the SSC60 value and would yield a very clear supernatant in the
settleometer (i.e., produce a bulky sludge). It was also felt that a good
quality effluent could be achieved if the sludge blanket could be contained in
the final clarifiers. It was realistically anticipated that a fairly bulky
sludge could be contained in the final clarifiers because of their relatively

low overflow rates at about 13.6 cu m/day/sq m (330 gal/day/ftz).

When wasting was increased and total system activated sludge mass was

decreased, the SSC,, values decreased and the supernatant clarity in the set-

tling test Yar impigved - both as predicted. Activated sludge was contained
in the final clarifiers and their effluent was relatively clear, but for an
unknown reason the clarifiers' effluent contained excessive discreet floc
particles. This situation should not have occurred when the clarifier slﬁdge
blanket was being contained. It was felt that additicnal influences were pos-
sibly interfering with biological system response. A plant visit would have
been desirable but was not feasible due to budget constraints. The possibili-

ty of scme outside influence was discussed with the plant superintendent. The

superintendent reported that since the rising sludge condition had stopped and

22



the scum problem had dissipated, he was able to observe what appeared to be

short-circuiting in the final clarifiers.

During the initial on-site efforts of the Havre CCP, it was observed that
the operators had modified the clarifier inlet baffles. The baffles had been
cut-off about 15 cm (6 in) below the clarifier water surfaces in order to de-
crease the build-up of trapped scum and to eliminate freezing problems that
had occurred during thé previous winter. This modification is illustrated in
Figure 5, and proved to be the source of much of the confusion in process
response that was described earlier. When the inlet baffles were modified
some of the mixed liquor that entered the clarifier overflowed the inlet baf-
fle. This condition did not represent a problem when the activated sludge
settling rate was fast, as existed during the initial on-site efforts. How-
ever, when the activated sludge settling rate decreased, solids traveled ac-
ross the clarifier surface toward and over the effluent weirs before they
settled out. This short—circuiting situation became pronounced toward the
end of Phase I and during Phase II when the activated sludge settling rate was
much slower. The short-circuiting problem became more visually apparent at

the end of Phase II when the scum on the clarifier surface had dissipated.

After discussing the effects of the inlet modification with the plant
superintendent, a decision was made to drain down the clarifiers and weld
back on the portions of the inlet baffles that had been removed. This task
was accomplished, and an immediate significant improvement in plant effluent
quality ocgurred even though the activated sludge settling rate was still

very slow.
Phase III

The elimination of clarifier scum and short-circuiting marked the begin-
ning of another operations objective and the start of Phase III. Effluent
quality had improved significantly, but activated sludge settling‘characteris—
tics had not yet improved. A decision was made to increase system activated
sludge mass and to again work toward improving the settling rate. The acti-

vated sludge wasting rate was reduced and sludge mass was increased to a pre-
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selected higher value. The increase in quantity of activated sludge in the
system occurred in both the aesration basins and clarifiers. The quantity
increased in the aeration basin is shown in Figures 3 and 4 in terms of the ATC
value. After holding the ATC at a higher value for about six weeks, the acti-
vated sludge settling rate began to improve. The SSC60 increased from about

4 percent to about 9 percent in both the east and west activated sludge units.
At that time, problems were encountered with the ultimate sludge disposal
pump. Sludge in the aerobic digesters could not be pumped to the sludge la-
goon, thus activated sludge could not be properly wasted to the digesters from
the activated sludge systems. Due to the relatively long time that was neces-
sary to improve the activated sludge charscteristics to the point which had
been achieved, it was decided to protect the east unit sludge characteristics
by continuing to waste from the east unit to the west unit. However, the
method of wasting from the east unit tco the west unit was very difficult to
control, and a wide fluctuation occurred in both the east and west unit acti-
vated sludge masses. A stable plant operation did not exist, and the net
effect was a decrease in the activated sludge settling rate for both units
during the one and one~half week period for which the pump was out of service.
These results dramatically pointed out to plant personnel the need for addi-

tional spare parts and better emergency maintenance procedures.

The activated sludge settling rate continued to be relatively slow even
after the pump was repaired and placed into service. The SSC60 decreased
from about 9 percent before the pump failure to about 5 percent. It should
be noted that during the Phase III buiky sludge conditions, as shown in
Figures 3 and 4, the TSS concentration of the final effluent was greater than
the BOD5 concentration, as shown in Figure 2. The BOD5 and TSS concentrations
were relatively low, but not as low as could be achieved. After the ultimate
sludge disposal pump was repaired, the activated sludge system masses in both
units were again held at a controlled, higher level to encourage improved
activated sludge settling characteristics. After four weeks the activated
sludge settling rate began to improve, but continued to increase beyond the
point desired. A drastic increase in the activated sludge séttling rate dur-

ing Phase III is shown in the settling data in Figures 3 and 4. During this

very rapid settling condition, the operators reported a more cloudy appearance
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of the supernatant in the settleometer and in the clarifier effluent. Also,
the BOD5 concentration of the final effluent increased and the TSS concentra-
tion decreased. The desired situation of both decreased BOD. and TSS and a

5
stable plant operation did not yet exist.

It is noted that the Havre final effluent quality was always quite good
after the clarifier short-circuiting problem was eliminated. Even during
periods of slow activated sludge settling rates, poor effluent quality was
nét experienced. The primary reasons for a relatively good quality effluent
during slow activated sludge settling conditions was the combined benefits of
a wastewater flow rate less than design and a relatively comnservative clarifi-
er design size. This reserve capacity is typically not available at most
wastewater treatment plants, yet other installations require the same general
approach in order for an improvement in performance to occur. Correct opera-
tional decisions must be made and adequate time must be allowed to achieve
system response. At Havre, approximately 12 weeks elapsed from the time a
decision was made to increase the ATC's to the time an improvement occurred
in the activated sludge settling rate. A disruption was encountered due to
problems with the ultimate disposal sludge pump, but some type of disruption
was not totally unexpected. During the 12-week time frame no significant
changes in the aeration basin dissolved oxvgen (D.0.) concentration or return
sludge flow percentage were made. The aeration basin D.0. concentration
varied from about 4 mg/l to 7 mg/l. The return sludge flow percentage was
about 40 percent. Also, no chemicals were added to the system to change
sludge character. The most important observation was that three months e-
lapsed before the activated sludge developed more desirable settling charac-

teristics.
Phase IV

The development of a rapid activated sludge settling rate marked the be-
ginning of another operations objective and the start of Phase IV. The active
sludge mass-in the system was slightly decreased in an effort to slow down
the activated sludge settling rate and improve its BOD5 removal ca@ability.

Also, "fine tuning" of the activated sludge process was initiated to provide
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the plant operators better control over the activated sludge settling charac-
teristics. The mass of sludge wasted, return sludge flow rates and dissolved
oxygen concentrations were all more carefully controlled. The biological
system was maintained at a point of relative stability through continual oper-
ations adjustments. The superintendent slightly reduced the ATC to slow

down the settling rate and improve its BOD, removal capability and slightly

increased the ATC to speed up its settlingsrate and improve its manageability
through better containment within the final clarifiers. Small variations in
activated sludge characteristics and plant effluent quality occurred, but
timely operations adjustments prevented large fluctuations and eliminated ex-
tended periods of poor performance. For an 8-month period the plant effluent
.BODS and TSS concentrations averaged 10 mg/l and 9 mg/l, respectively. The
plant superintendent justifiably believes that this high degree of treatment

can be achieved consistently.
DISCUSSION

The Havre CCP demonstrated that significantly improved performance could
be achieved using existing wastewater treatment facilities. TImproved perfor-
mance occurred after several modifications were made to plant operation, de-
sign, administration and maintenance. The plant operator's ability to apply
concepts of process control at his facility was improved. A minor modifica-
tion to the clarifiers was made. An administrative change regarding plant
staffing was implemented. The necessity of a good preventive maintenance
program was reinforced. The CCP also identified the process control parame-
ters that were most critical at the Havre plant with its particular physical

facilities.

The most critical process contrcl parameter at Havre was the sludge set-
tling rate as controlled by the ATC. 1t was determined that the Havre acti-
vated sludge system perfermed‘best when the sludge settling rate was rela-
tively slow (i.e., demonstrated bulky sludge conditions). The reasons for
this were associated with the relatively short aeration time and associated
high BOD5 loading rate, and the relatively large clarifier size which enabled

the siower settling sludge to be contained in the systems. The Havre plant
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operated well under these conditions, but very close operator attention was
required to maintain the desired sludge characteristics. For example,

wasting was often drastically adjusted each day in order to maintain the de-
sired ATC. The existing Havre facility will always require strict operations
control to achieve a stable operating condition, which will become even more
pronounced when the wastewater flow rate to the facility increases. The
present good effluent quality associated with relatively slow activated sludge
settling rates may not occur as the wastewater flow rate increases. However,
through continued timely adjustments of the critical process control para-
meters, the plant effluent quality should meet the existing NPDES Permit stan-

dards at least until the plant design flow rate is reached.

It is expected that other wastewater treatment facilities will have dif-
ferent critical process control parameters, depending on their specific design
arrangement, wastewater strength and other unique features. For example, in
plants that have a longer aeration basin wastewater detention time, somewhat
less exact control would be expected to maintain a stable operating condition.
In plants that have a proportionately smaller clarifier and a higher clarifier
surface overflow rate, more difficulty would be encountered to operate through
bulky sludge characteristics. It is not expected that all facilities could
get into or out of a bulky sludge condition by following the specific wvalues
for ATC, return rate, D.O. concentration and other control variables wﬁich

were discussed in this report.

A major reason for the success of the Havre CCP was the extended length
of time over which the program was conducted. It was noted earlier that
twelve weeks were required to develop a desired activated sludge settling
rate. Additional time was required to transfer the process control decision
making capability to the plant superintendent. The time required to develop
desired activated sludge settling characteristics at other facilities could
easily be equal to or greater than the time required at Havre. This time
requirement in itself supports the conclusion that CCP's must be implemented
over a long time period (i.e., three toc six months). However, additional
time (i.e., one to two years) is necessary to adequately tranmsfer to plant

personnel the ability to make timely and accurate in-plant control adjustments.
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After a 4-month period, the Havre superintendent satisfactorily made all
short-range control decisions, such as determining wasting requirements to
maintain a desired ATC. After nearly a year the superintendent was also
making long-range decisions, such as selecting the desired ATC value. A
l-year time period was necessary even though the superintendent had two years
of general administration college training, had received formal training for
two years at a water and wastewater tecnnology school and had an excellent
aptitude and persomality. It should als be noted that the superintendent
éontinues to .discuss plant operzation and performance with the research team
on a periodic basis in order to obtain . -cvcond opinion on major control de-
cisions. His not relying on, but using a.ailable help to the advantage of
his operation, illustrates the securitv w' ich he has developed that accompan-
ies the competency which he has achievec. The success of CCP's is equally
dependent upon developing optimum biological conditions and developing opera-
tor competency. Both are time consuming functioms.

A major conclusion of the overall research study, for which the Havre CCP
was one segment, was that presently there are not a sufficient number of
persons with adequate background and training to successfully conduct CCP'g
on a broad scale. (6) One reason for this occurrence is that a need for
these services has not been developed due to inadequate enforcement and a
general "'construction" approach to achieving better plant effluent quality.
Another reason is that process control "authoritative sources,' such as con-
sulting engineers, regulatory personnel, equipment suppliers and others have
not correctly approached operations assistance. Generally, persons who give
technical guidance at biological wastewater treatment plants do not observe
system response for a long period of time. As a result, most do not under-
stand the consequences of their suggestions and seemingly good suggestions
may be incorrect,or correct for the present situation but incorrect at a
later date. Process control suggestions made under these circumstances lead
to improper technical guidence. Furthermore, failure to observe system re-
sponse over the time frame required to see the full impact of recommendations
made does not promote the improvement of technical assistance capability.

Conversely, the approach taken at Havre allowed both plant personnel and re-
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search team members to use the project as a learning experience. In so doing,

research team members have expanded their assistance capabilities.

Because of the success with the Havre CCP and the obvious need for im-
proved performance at a large number of the facilities studied under the re-
search contract, an analysis of conducting similar CCP's at other facilities
was completed. This analysis and the projected benefits are presented in the

next section of this report.
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SECTION 5

PROJECTED IMPROVEMENT THROUGH COMPOSITE CORRECTION PROGRAMS

This section of the report describes the potential improvement in plant

effluent quality which could be achieved if CCP's without major facility up-

grades were conducted at all thirty facilties for which an evaluation was

made during the overall research effort. (6) Also described is the actual im-
provement in performance which occurred at some facilities as a result of

the research evaluations. Some operations assistance was provided to aid in
the collection of research data. The success of this assistance in improving
performance was dependent upon the number and type of performance limiting
factors encountered. Telephone communication similar to that used during the
Havre CCP was maintained with some facilities. Generally, technical assist-
ance provided during the research evaluations included only operations factors
limiting performance, and was specifically limited to improving the operations
capabilities of the process control decision maker. In a few cases, minor
plant modifications were made. The scope of these assistance efforts was
considerably less than the effoft expended during the Havre CCP. Improvement
typically was not documented to the same extent. In addition, it could not be

predicted that these nlants would continue to perform at the improved level.

Improved performance occurred at seven facilities, including Havre.
During the Havre CCP, activated sludge characteristics went through several
different and typical changes: bulky, scum-producing, rapid settling and
optimum. When combined with extensive operations help, this guided observance
and control of different activated sludge characteristics allowed for the
transfer of process contrcol capability and process understanding to the Havre
superintendent. This time-related training was not completed at the other

six facilities where improved performance occurred.
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The research evaluations of various treatment plants were limited to
facilities whose wastewater fluw rate was less than 37,850 cu m/day (10 mgd).
Facilities were evaluated with flows ranging from 26 cu m/day (0.007 mgd) to
30,660 cu m/day (8.1 mgd). The average wastewater flow rate for the thirty
facilities evaluated was 5070 cu m/day (1.34 mgd). Statistically, the size
range of the facilities studied represents the largest number of wastewater

treatment plants in the United States.

Each of the facilities studied must discharge an effluent that does not
violate the federally defined minimum secondary treatment standards. Some

were required to meet more stringent =ff{luent requirements. Twenty-three

- 0of the thirty facilities studied were not achieving desired effluent quality

at the start of the research evaluations. The improvement in performance
which occurred as a result of the research evaluation and the additional im-
provement which could occur if CCP's were implemented at all facilities are
discussed. Improvement in effluent quality is described in terms of reduction
of total mass of pollutants discharged. The reduction of mass of po;lutants
discharged is significant relative to the size range of plants evaluated. It
is also significant when described in terms of a percentage improvement from

the former status.
REDUCED POLLUTANTS IN THE PLANT EFFLUENT

For discussion purposes, the thirty facilities evaluated were grouped
into three categories: 1) Plants for which an improvement in performance
did occur, 2) Plants for which an improvement in performance could occur by
implementing a CCP and 3) Plants for which a significant improvement in per-
formance is doubtful without major expansion or modification of the existing
treatment facilities, The associated improvement for each of the thirﬁy
facilities is presented in Tables 2, 3 and 4, which correspond to the above

categories. In the tables, each facility is discussed separately.

Although it cannot be predicted that t@ plants in Table 2 will maintain
the improved performance achieved as a result of the research evaluation, the

improvement that occurred and the level of treatment indicated could be
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achieved and likely exceeded if CCP's were implemented at these facilities.,
It was recognized that many of the facilities in Table 3 for which improved
performance could be expected would require minor plant modifications as part
of a CCP. These minor modificaticns were differentiated from major facility
expansions in that they could be completed by plant personnel and/or a local
contractor and would not justify extensive planning (201" studies), design,
and construction steps normally associated with plant upgrades. An example
minor modification would be adding the piping flexibility to discharge a good
- quality mechanical plant effluent when desired, rather than having to dis-

charge a poor quality polishing pond effluent.

Various approaches were used to develop performance data for Tables 2
and 3. Whenever possible, accurate records were used to indicate performance.
However, at some plants the historical data did not reflect known poor per-
formance conditions, especially in plants which had a history of "bulking"
sludge. (Note: '"Bulking'" as used here does not differentiate between a true
poor settling sludge and an excess solids inventory condition). At plants
which had good sludge wasting records, the amount of solids lost due to bulk-
ing was estimated by determining the amount of activated sludge wasted after
operations assistance was provided and the excessive solids loss condition
was eliminated and comparing this value with the amount of sludge wasted prior
to assistance. In these plants an increase or decrease in the.system's sludge
inventory was considered in determining solids loss due to bulking. At plants
with poor sludge wasting records an empirical sludge production value was
calculated® based on plant loading and design information. Using these methods,
the amount of T8S lost in the effluent was estimated. Typically, the amount
of BOD5 lost during bulking periods was less than the amount of TSS lost.
During evaluations at five plants, separate samples were collected during
observed bulking periods. These samples were analyzed for BOD_. and TSS con-

5

centration. The average BOD_ to TSS ratio for these samples was 0.5. There-

5

fore, for plants with a history of sludge bulking, the effluent BOD5 concen-

trations were calculated to be 50 percent of the estimated TSS concentrations,

unless records were available to obtain more specific BOD. values.

5
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In plants with effluent polishing ponds, historical data for BOD5 and
IS8 removals through the ponds was usually not available. In many of these
facilities the mechanical plant performance was poor and had been poor, as
evidenced by a large sludge accummulation in the ponds. In this respect, the
ponds had been instrumental in removing some of the solids discharged in the
mechanical plant effluent. However, none of these facilities consistently met
standards. Two major points are made with respect to mechanical plants fol-
- lowed by polishing ponds. One point is that some pollutant removal occurs
within ponds. The extent of the removal is seasonal in nature and is de-
pendent upon pond detention time, but nevertheless occurs. A second point is

that the addition of polishing ponds did not allow any of the facilities in-

. vestigated to consistently meet secondary treatment standards. A polishing
pond was not a satisfactory substitute for good plant operation. Pond by-
passes allowing direct discharge of a high quality mechanical plant effluent
were recommended in conjunction with improved operation at facilities that
‘had polishing ponds. The addition of pond bypasses was considered a minor
plant modification in establishing the values presented for the potential

performance of plants with effluent polishing ponds.

The actual and estimated potential improvement in plant performance from
Tables 2 and 3 are summarized in Table 5. Overall total improvement is also
shown. This total improvement could be achieved if CCP's, excluding major
facility expansion, ﬁere implemented at all twenty-one of the facilities
shown in Tables 2 and 3. The projected total reduction of BOD5 discharged is
490 metric toms/year (540 tons/yr), and the total reduction of TSS discharged
is 470 metric tons/year (516 tons/yr). This represents a reduction in the
mass of BOD. and TSS presently discharged of 37.7 percent and 36.9 percent,

5
respectively.

During the evaluation of improved performance, it was recognized that
significant differences in existing and potential effluent quality existed
between two major facility categories: suspended growth and fixed film. The
suspended growth category was comprised of activated sludge facilities and in-
cluded twenty of the thirty facilities evaluated. The fixed film category

was comprised of trickling filter, rotating biological contractor and acti-
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vated bio~filter facilities, and included ten of the thirty facilities evalu-
ated. The existing and potential performances from Tables 2, 3 and 4 for each

category are summarized in Table 6.

TABLE 5. PROJECTED IMPROVED PERFORMANCE USING CCP'S WITHOUT MAJOR FACILITY

EXPANSIONS
Improved Improved Total
Performance Performance Improved
Occurred Potential Performance
No. of Plants 7 14 21
Effluent BOD5
Total 1b/day* 558 2401 2959
Total ton/year*# 102 438 540
Effluent TSS o '
Total 1b/day* 765 2065 2830
Total ton/year*#* 139 377 © 516

* kg/day = 1b/day x 0.453

**Metric tons/year = tons/year x 0.906

The existing performance of the suspended growth and fixed film facili-

ties was nearly the same for BOD The mean (not weighted average) effluent

5
BOD5 concentration was 34 mg/l for the suspended growth facilities and 37

mg/l for the fixed film facilities. The mean effluent TSS concentration was
significantly greater for the suspended growth facilities at 52 mg/l, as op-

posed to 31 mg/I for the fixed film facilities.

Also shown in Table 6 are the high effluent BOD5 and TSS concentrations

for each facility category. These high concentrations represent the poorest
effluent quality for a given facility within each of the two categories, as
documented in Tables 2, 3 and 4. The poorest effluent quality for a suspended

growth facility was 68 mg/l for BOD. and 117 mg/l for TSS, while the poorest

5
effluent quality for a fixed film.system was lower at 56 mg/l for BODS-and
48 mg/1 for TSS. Although some suspended growth facilities are performing
considerably poorer than the fixed film facilities, the potential performance

for suspended growth facilities through CCP's is significantly better than
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TABLE 6. EXISTING AND POTENTIAL PERFORMANCE FOR SUSPENDED GROWTH AND FIXED

FILM FACILITIES SURVEYED

Suspended Growth Fixed Film
No. of Facilities 20 10
Total Flow - mgd* 11.8 29,2
Size Range - mgd* 0.007 - 5.5 0.13 - 8,1
Existing Performance
Effluent BOD5 - mg/1l (Mean) 34 37
(High) 68 56
Effluent TSS - mg/l (Mean) 52 31
(High) 117 48
Potential Performance After CCP's
. Effluent BOD; - mg/l (Mean) 9.2 33
(High) 10 56
Effluent TSS - mg/l (Mean) 5.6 28
(High) 10 40
Potential Improvement Through CCP's
Additional BOD5 Removed
ton/year (total)** 324 215
1b/mg*** 150 40
Percent Improvement 66 13
Additional TSS Removed
ton/year (total)** 378 137
1b/mg*** 175 26
Percent Improvement 68 10

* mgd x 3785 = cu m/day
*%* tomns/year x 0.906 = metric tons/year
**%% 1b/mg x 0.120 = gm/cu m
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for fixed film facilities. The mean potential effluent BOD5 and TSS concen-
trations for the suspended growth facilities were 9 mg/l and 10 mg/l, respect-
ively. The mean potential effluent BOD5 and TSS concentrations for the fixed
film facilities were 33 mg/l and 28 mg/l, respectively, which is near second-

ary treatment standards.

In both suspended growth and fixed film facilities, an improvement in
effluent quality can be achieved through CCP's without major facility upgrades.

The potential reduction in BOD. and TSS for the suspended growth facilities

was 294 metric tons per year (324 tons/year) and 342 metric tons per vear
(378 tons/year), respectively. The potential reduction in BOD5 and TSS for
the fixed film facilities was 195 metric tomns per year (215 tons/year) and
124 metric toms per year (137 tons/year), respectively. The total potential
improvement in performance for the suspended growth facilities was slightly
greater than for the fixed film facilities, but was significantly greater per
unit of wastewater flow. The combined wastewater flow rate for the suspended
growth facilities was 44,800 cu m/day (11.8 mgd) compared to 110,600 cu m/day
(29.2 mgd) for the fixed film facilities. The resulting potential reduction
per unit of wastewater flow was significantly greater for the suspended growth
and 21 gm/cu m (175 1lb/mg) for

and 3.1 gm/cu m (26 lb/mg)

facilities at 18 gm/cu m (150 1b/mg) for BOD5

TSS, compared to 4.8 gm/cu m (40 1b/mg) for BOD5

for TSS for the fixed film facilities.

The fixed film facilities surveyed exhibited poor performance that can-
not be satisfactorily improved through CCP's which exclude major plant modi-
fications. Major plant modifications are required to expand the unit size
of the secondary treatment process (i.e., implement a more conservative de-
sign). The potential reductions in pollutant discharge for fixed film facili-
ties with CCP's that exclude major modifications were only about 13 and 10

percent of the existing discharge for BOD_. and TSS, respectively. The sus-

pended growth facilities exhibited poorersperformance than fixed film facili-
ties, but their performance can be improved significantly through CCP's that
exclude major modification. The potential reductions in pollutant discharge
for suspended growth facilities were 65 and 68 percent of the existing dis-

charge for BOD5 and TS8S, respectively. From this evaluation it was concluded
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that, in general, a more conservative design approach is required for fixed
film facilities and better operation is required for suspended growth facili-

ties.
ADDITIONAL FACILITIES ABLE TO MEET SECONDARY TREATMENT STANDARDS

Most of the thirty facilities surveyed were constructed before the
present secondary treatment standards were promulgated, but all were desigﬁed
to provide secondary treatment. A few facilities were required to meet more
stringent standards. For this report, all facilities were analyzed with re-~
spect to their ability to meet the minimum monthly secondary treatment stan-
dard of 30 mg/l for BOD5 and TSS. The results are presented in Table 7. It
should be noted that the division of plants in Table 7 does not correspond to
the division of plants in Tables 2, 3 and 4, since some plants' performance
could be improved with a CCP but would still not meet secondary treatment
standards. Also, at some plants that met secondary standards the performance

could be further improved with a CCP.

TABLE 7. SUMMARY OF PERFORMANCE OF THIRTY PLANTS SURVEYED VERSUS MINIMUM
SECONDARY TREATMENT STANDARDS

Prior to After Preliminary
Preliminary Survey Survey Potential

Number of plants

where standards were

consistently met 7 13 23
Number of plants

where standards were

frequently violated 23 " 17 7

Prior to the research evaluations only seven facilities were meeting sec-
ondary treatment standards consistently. After the evaluations, which includ-
ed some operations assistance, an additional six facilities, for a total of
thirteen, met‘standards. Ten more facilities, for a total of twenty-three,
have the potential of meeting standards through implementation of CCP's with-

out major facility modifications. The remaining seven of the thirty facili-

46



ties would require major plant modifications before they would consistently

meet secondary standards.

Three of the seven facilities meeting secondary treatment standards prior
to the research evaluation were considered to have both good design and good
operation. Two of the remaining four facilities were underloaded (50 percent
and 35 percent of design hydraulic loading) and were meeting secondary treat-
ment requirements, but could have performed better. Another was able to con-
sistently meet secondary treatment standards because of the ability to bypass
part of the influent wastewater flow to a larger facility. This facility
would satisfactorily treat a greater wastewater flow by improving plant opera-
tions. The fourth facility performed well when operating, but required total
shut-down and bypassing of raw sewage during periods of bulking sludge and/or
mechanical breakdown. Bypassing did not occur during the evaluation, but the
facility was operating at only 30 percent of its design hydraulic loading. As
loading to the plant increases more bypassing can be expected. Major modifi-

cations will be required to correct the problems at this facility.
ADVANTAGE OF A COMPOSITE CORRECTION PROGRAM

Composite Correction Programs can achieve dramatic improvements in waste-
water treatment facility performance. However, CCP's have typically not been
‘used to improve performance at existing facilities that violate secondary
treatment standards. The typical approach has been to complete major plant
modifications, usually through the federal comstruction grant process. This
approach was used at two facilities studied as a part of this research effort
which were violating thelr permit standards. Just prior to the research '
evaluations, major plant modifications were completed which doubled the plant
capacities. During the research evaluations, neither facility was meeting
its permit standard. The original deficiencies that were limiting performance
were not addressed in the plant upgrades. Further, it was judged that if
these deficiencies were corrected before the plants had been expanded, the

expansions would not have been required. The deficiencies that existed prior

to the plant expansions and continued to exist after the expansions still

needed to be corrected before satisfactory performance could be achieved. A
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properly conducted CCP at these two plants could have satisfactorily improved
their performance and eliminated the need for expansion. The greatest cost
advantage for CCP's occurs when they eliminate the need for a major facility
modification. For these cases, cost savings through CCP's could reach

several hundred thousand dollars per plant. -

Exact costs for a typical CCP are difficult to estimate for a variety of
reasons. A CCP always includes the cost of providing the technical assistance
service and may contain costs necessarv for minor plant modifications, staff-
ing additions, spare parts additions, increased sludge handling, etc. The
cost of a CCP is dependent upon facilitv size and type and the number and
magnitude of factors limiting the plant's performance. Because each facility
is unique in its specific collection of performance limiting factors, the cost
for each CCP would be widely varied. A cost for an 1890 to 18900 cu m/day
(0.5 to 5 mgd) activated sludge plant would typically range from $5,000 to
$50,000. The general approach to conducting every CCP is similar and is des-
cribed in this section of the report. The approach described for conducting
CCP's is relative to the size range of plants evaluated during this research

effort (i.e., less than 37,850 cu m/day (10 mgd).

Implementation of a CCP involves technical assistance time for an ini-
tial on-site visit, telephone consultations and follow-up on-site visits.
The overall time period for which the CCP is conducted is typically one year.
The relative time involvement for implementing a CCP is illustrated in Figure
6. Time' for on-site visits, telephone consultation, and the overall time
period during which the CCP is conducted varies depending upon facility size
and type, plant personmel training, plant personnel attitude and aptitude and
other performance limiting factors that exist at the facility. As such, the
initial on~site visit may require a few days up to several weeks. This ini-
tial visit is followed with "waiting time" and telephone consultation. Tele-
phone consultation with the plant process control coordinator may be main-
tained on a daily, semi-weekly or weekly basis, depending upon the situation.
The waiting time and telephone consultation activities are interspersed with
on-site visits during which problems are investigated further and technical

assistance activities and training are reinforced. The follow-up on-site
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Figure 6. Relative time involvesent for CCP activities.

visits are scheduled at weekly, bi-weekly, monthly or bi-monthly intervals
depending on the need. Each on-site visit typically lasts from one to five

days.

The outlined approach for implementing a CCP has numerﬁus advantages for
achieving and maintaining desired facility performance. The long time in-
volvement greatly increases the chances of identifying and correcting problems
in the administration, maintenance and design areas. Alsc, the long time
frame is very compatible with optimizing a bilological system which has an in-
herently slow responsive nature. Another advantage is that during the time
optimum facility performance is being achieved, process control capability is
transferred to plant personnel so they can maintain performance at the improved
levels. This transfer is accomplished by interspersing on-site, one-on-one
training activities and telephone consultation activities with waiting time.
During the waiting time plant personnel are forced to observe changes in bio-
logical system characteristics and complete the required process control ad-
justments. Plant personnel must then discuss théir observations and adjust-
ments with the technical assistant. This procedure of "'guided observance' of
system response is a very effective mechanism to develop the operator's ability

to correctly apply concepts of plant operation to process control. Also, the
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technical assistant is better prepared to conduct other CCP's due to the ex-

perience gained by accounting for process response over a long period of time.

These advantages are further accentuated by the fact that plant and adminig-
trative personnel gain long term access to technical guidance at a minimal
cost. Judicious use of waiting time allows the cost for CCP's to be minimized

relative to the long time involvement benefits gained.

Presently, plant upgrading through construction is usually selected as
the alternative for improving the performance at a plant that is violating its
permit standards. Some level of plant modification or upgrade might be con-
sidered adequate to enable facilities to meet standards with a minimum empha-
sis on plant operation. However, twenty-three of the thirty facilities evalu-
ated (6) did not meet secondary treatment standa:ds, yet the average hydraulic
loading of these plants was only 61 percent of design. The average loading
for the seven plants which met standards was not much lower at 55 percent of
design capacity. Plants which met secondary standards were loaéed as high as
98 percent of design. It was concluded that plant over design alone did not
significantly promote good performance. However, a CCP conducted in conjunc-
tion with or prior to plant expansion does identify and correct problems at
existing plants and may eliminate the need for a plant expansion at some facil-
ities. In this context, the cost comparison of a CCP versus plant upgrading
through construction is irrelevant. Plant upgrading to achieve better per-
formance cannot be a substitute for a CCP, but rather should only occur as a

part of a CCP,
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